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(2) 



7-89789 



*otf ( 1 ) <t, 
a (3) <t, 

HiflBy^^T^ hHioB (3) ©*«B*acv S i 
C, TiC. NbC, TaC, Z r C*$<fctf C*l6©S 

7v >y (4) eh, 

MESWi^ (1) ©*tt< iiS^r^ io 

C»*B2 ] h5E53?»S^« ( 1 > > 9^ 

7r-f HJSoli (3) SrJDBgT5««^^>^ ( 1 
7) 

liBBjR,*^*^ (17) ftCWO&Vv? r -Y hM£^ 
a<D«H«:B«Stl, SiC v TiC, NbC, Ta 

c, z r cfc^^cn^cDg^co^-rn^r^^n 

fc3-^>**«*fc^?T>f h«t-* (13) 20 
££?tf 1 iB»<DS i <DttfifiES«B- 

[»*B3] 3 etc, «(ES«^t>^(17)©fi 
g<h*S^U *IHffilB*iB5eU SiC, TiC, Nb 
C, TaC, Z rC*J<fcCJ f Cti60S^»©^1*tl^ 

y >y*ii/ct-^w>-^ f (i 

9) £, 

(15) ££WT£fS^2fBtg<DS i<D*§&&6& 

wMzn. eawwjRufcWKiw (21) 

^#X«BB#« (24, 2 5) i**rS»3£B3K* 
<DS i ©ISaJ&fiSSB. 

[IS*^5 ] iJKWKWtt ( 2 l ) WS i c, T i 
C, NbC, TaC, ZrCfc<tOtn6©il^©^ 

[ftftfle ] s i y-xtmt«81'4fcftoaW 
sou ( i ) <h, uRffiiRioaifi^-rsAisxoy 

777^ msoB (3) <t, mfid^^^T -Y hM6^ 
a (3) ©£*ffl*»\ SiC, TiC, NbC, T 
aC, Z r Cfc<tt>'cn60[)g^«©C^ti^M3 
fitc??7TJ mioHa-f^? (4) <fc, B'JfB 

s3?Hsoa ( i ) <z>d>&< r >r n**^a 

ft2/'J3>R3-f^>y (2) i*WT&4o«3WftC 
S i y-;M*»**HSU ttlHStftrS i -rfJl/UHBSR so 



iwaaoartos i y^h«:«iea*s*iis^ «sa 

[f»3}3B8] fol. 0 x 1 0 14 cm- 3 «T^^Tiiffi 
£W^£>-y ^>3&a 0 

3 jfil. 3 x 1 0 18 cnT 3 tLh<D 

eeRifttt^w-rsa^siBisovy n>JSSo 

[SWBSIO] £6&c, H«SKSttT©B. A K G 
a , In <D*J>& < <t £ 1 «©^#B^aR*W-r £iS*^ 

8 & i> u 9 fatsos y ^ >*§a. 



[«5»B 11] 3 6«C. HigPSSfcTFOP , As, S 

l 9 fatsos 'J ^>*£a„ 

[is^i2] m\. 0xi0 14 cm- 3 aTOSiiS 
1 0 18 J^±<O^^K^W-r^fS*^l 2!fii£<D^x 



[lt5jcJB 14] £ e>tc, italBV y n >«**Bi8IKK« 
T<DB, Al, Ga, I n<D*J>&< £ h 1 
K«rW*rSI8*^l 2 4^11 3iBiS<E>^x/\, 

[»*5 15] ^ e>tc, mibv y =i >»*«H«niflt^ 

TCOP, As, S b <Dd>& < <h i> 1 WZ^WCttMWXW 
T£lit*JSl 2tcl>b 1 3E«© , J^. 
[If ^ 16] £ MfBV 3 >»±tcBRE3 n 

fcxtr^+^^^w*^****! 2-1 5(D^-rn 

<DB, Al, Ga, I n<D4>ft< <fc *> 1 «©^F*tW*ff 

[ISScB 1 8 ] buI Bx t* ^ * ^ ;Ha^@^iEatWT 
(DP, As, S b<D'pta< t$> 1 a©^«!B5?«K*W"r 

[»*B19] WEie^l/t^GaAs. G 
aP, A 1 GaAsCD4>&< ti> l««rifiE^i^"*W 
St^l 2—1 5CD^TftMCiBiS<D^x^ 0 

2-1 5©C>-rn*^Cffi«<D^x^ 0 
[IS*J12 1] S6tc, HuE^y3>»±CciBaSti 

<b^W~rSlS*311 2-1 5(Dl^-rtl^ClBi8<0^x 



(3) 

3 

ft 1 0 x 1 O 14 cm- 3 &LT<D&imm&. 
tmi. 3 x 1 0 1 8 c m- 3 WKDliiS i ^Wt ^ 

[0 00 1] 

[000 2]^B. ULSIfflV'j3>-)x^(D90% 
tLhrt*?- 3 ^^X^ (Czochral ski, WT 

[000 3] 

[0 0 0 4] £/c, So«HHCCfc-^*iBiBL/. 14 

o o x;«±©isjafic»pj»-ra©r, t-zmif>h<mM 

m$>MAl>Bi<\ £e>tc, S i (Dv-xt#f4»PIJS7c* 
[0 00 5 ] Soffit ffl«rtWJ*E3? ( S i O z > , 

[ o o o 6 ] u l s i ©KttflBffcofc&ccra. 

[0 0 0 7 ]*ttflMb©«*. ^t^^7>?A7 

^-tzx^y (dram) *«(ciorittwrs B dr 
s 0 

[0 00 9 ] DRAMa>^ l J3> , 5i^K:BJ* , Wttl*J* J 
>B$IH#ie<&4. WfnK©DRAM*a«rSCC«. 

c >*s g «r ffl ^ s ffi * * o 

[00101ULS1 ©fifB»<tCC», ->x^*^PS 
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s. 

[0 0 1 1 ] iW^i^BWE^-ti*'' * 

[0012] ^aw**nao»jfi^cH2^tc*jc^r«. ^ 
[0013] ttffirtJcBjguri>*M*«. fe<4ft@« 

Lawrence^ Mat. Res. Soc. Symp. Proc. 
59 1 389 (1S86) . Yonenaga6 J. Appl . Phy 
^56, 2346 (1984)30 . «ttV»tt. 
59 (S h i m i z u h 3. Appl. Phys. 

25, 68 (1986)1?) o 

[0 0 14] l/c^ot. ^a^PWfctfliA/C. «M6 

[0015] R*^M««lU©«CCtt*Cd:**WWK: 
*L/c«^»^< ^>l> (Ki shino6 3. Appl. 
Phys. 50 , 8240 (1979), Kishino6 Appl . Phy 
s. Lett.J^L 213 (1979) , Matsushita^ 
3. Appl. Phys. JL9^ L101 (1980) 30 . 

[0016] mma&&i o i5 cm- 3 Hi©iiw 

[0017] L&LKfth. VEMOts y =» >*SSfiEfi& 
«6C<fc*itf > 1 0 1S c m- s J!SlT©(SftSR«a««ft*^ 
ST ^ C £ tt* nJ«B* * £ ^ fc^CD'h 5 C 
-CBj5H>RI*"C*-3fe. «f&BB5 6-2 1 

7 5 8^«C*3ftfc#8rCtt. Hffc»3 0«KTO»» 
iC*Jt>"C©#l 0 15 crn- 3 «T(0i£^^SS^^^^ 

[0 0 181**. 4$H¥5-4 3 5 8#fc*5t>-Ctt, 
40 ©ft* 8 5 %J^TOSP^t? 5 x l 0 1 4 c m - 3 £TF<DffiR 

1 x 1 0 15 cnr 3 t?£>£o 
[0 0 19] 

vy n>JSSCC*sl^r, +t'J707^^>fA^g< 

50 -So 



5 

[0020] #mn<om&ttz, {&&mi£&<Disv ^>*s 

[002 1] 

[t^n^^-r^/c^^S] *mA<Ds io^fism 

SiC, TiC. NbC, TaC, Z r Cfccfctf C*l*> 

[0 02 2 ] #*HB<Df u ^ >*ss». fii- o 

x l 0 14 cm- 3 WT<Dj^?igg£WT3o 
[0 02 3 ] 

[flUB] S i^ B a B ^gtc^^T, S i^iUHcO, * 

C0 2 &(s?3IM3ttSt&CCj:9. ft«3RiMt**?i 

1. Ox l 0 14 cm- 3 WT<D{g^m?SS^Wt-^S i IS 

[0 024] Si h*iRg-T^So«t 
mi* it* Si^KCO, 4fl8W*CiOT*4. 
<tc6t\ s i *am»3-tt*cctt, 1 40 0°C«±C»il 

[0025] s^s^a*^**^*^** It 

h^o^C^S i CflfcDRf MM > 
rA hte^Lmm^-r a > ^ ■<hE3l<!:©Pa<DSi£tc 

[0 02 6 ] ^7^7^ HiSoCi©*^*^^- 

[0 02 7] C©<fc5&«lSCC<fc*p t Si^htHcK 
0, S i ^;I/h^0C©«tfttl»±T5Ci*SpI»itt 
[0 02 8 ] 
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w a£ >; -rx^^^r^t, 

[0 02 9] m<DT~ hWhfrft i%3f$&& 
U «efeA*-r*-5tt»*©««i«Ktt. 10 15 cnr 3 
[0 03 0] * * U TCO^y A V $ A A&. ifSJii^OM^ 

[0031] »sR#fa«j». K*iaa©*K:t{cS"rs<fc 
-ci29o °ccc 4 o ftmmm l . m« ®&%>&&.-cft*$ 

[0032] teSfcBKCCTjcT. 0*. fltW*&3tiKff 
£°C/m intiU «»i&tt*TffiB«»* 1 0 17 cm' 3 

[0 0 3 3 ] oa>L&#6, amo^^n-fe^ccfci^r 

[0 034] -r&fc>%, a«o*2»»«iS^n-fexcc*5 

fi&cfcl>T*>JSfi©fiE^fttt#J 1 mm/m i nggt 
£>9, J^*Piift«3 0 # C/m i nt?*S. 
[0 03 5] Ud^t, jKfi«f©»*P^n-fe^fe*X 

[0 0 3 6] %9ffi%*> SB) - 

2438 6 0^(92 - 1 1 1 6 6) *Cfol>T. iS^S 

«C<fct). S ilStt*©iaR»K*3. 6xi0 14 cm- 3 

ffiCD^m^W«2. 5X 1 0 14 cm" 3 -C*0, 3. 6x 
1 0 14 c m- J ©K*«KCCttaJS©«»tt***4. 
[0 03 7 ] -ecr, **W*e>lW«KCCj:4S itS 

/Co BBRMffi^l. 8X l 0 1J cm-\ K 

fKftffi^l 0 14 -1 0 16 cm- 3 (DiEHCDCZ>";^>*S 
50 ( 1 3 0 0'a 0. 5«fIIB> + (7 0 0-C, 
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2 o mw + ( i o o o *c, 3 - 1 o mm) <D&Mm* 
c o o 3 8 ] m 5 ec«jR«m*©KSR«a[tt#tt** 

[0 03 9] 0<D^7CC7jVrJ:56C. MOl 00 0 

«K©2«ott»ttr|jjlSiBftr**. *fc. 8^f£Jg<D 

SBEtfffitt, 110 0 cm- l fti5CD^®4X^«iortf 
IMMIHRi24. Sixio^cr^ffll^i 

[0 0 4 1 ] ±ft<D3fflg<omQMtC*si<>-C. 130 0 

■c. o. 5i«noMMui«. ^{*{t^ii<bm^n. 20 

[0042] ;x<D7 oou 20 ^ra©j»«tffl«. 
**jaaw4fc»©«Hit?**. */c *a©iooo 
•a 3-1 ommcomMmiz. jB«tsn/c*fas©igo 

e*10 ,l cm- J H±OS/ , ;3>')x^tt l fiBfcA*^ 30 
t-T, »rfcCC»6tite 1 O^cnr'tTFcD^x^OK 
SSrffiIWj:^li B -e<Dfc#>, S^*<D->»;^>^x 
'tCc**i>rH: % £x^<DK9^fR^©#ffcj&*£0Ti>4 

[0 044] KXftTtfMKXS i MS4>OiBR«S 

T^77r*5. ttttttttSttft*! 0 18 cra- 3 (Dm{4 
r^U ^fA^^WWS^l 0 17 cm- 3 co#(5r^ 
To C©y^7CC*3n*<t9Cc % 3x 
1 0 18 cm- 3 JyT5CfiM*r^>i, WfliSf^i 40 

[0 045] »3R«KttfS»n«fiC^3tt'J:l^toWrB 
ten. lEffiOHViSAtt. B«iaffi«:««tbWr* (fc 
<txJ£. Maroudas et al . , Defects in Silico 
n II, The Electrochemical Society, Pennington, NY 
(1991), pp.181) . 

[0046]/ci^B, KiR«K*l. 8xi0 18 cm 
°*>61. 3x l 0 l, cm- s CC(5SEr*i. l£A<D%ff 

SR?*S«B5l*C IC^ 0 50 
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[0 04 7 ] LfrLU&h. tfefcCDS i *§H«:*>l>T 

&ttr#te*>ofc. 

[0 048 ] «±»MUfc*»W*6©5fe©»BSK:J: 
*fc. K9R2ftK^ 1 x l o 14 cm- 3 tTFTi*. tt3R 

[0049 ] C<Dtctb. U L S I ^a-feXtcfc^T, *£ 

■*>-ri^x/^att34iS. CO^^CC !Bjttff5*5<fctf 
««WtcflEtifc«rtt*Wr*S i 3Bfl««JS*ffi*«T 

[0 05 0 ] C©J:^{c 4 ^SHSBWAl. Oxio 14 
cm-'KTOS ilSSt*. «3R»B»*1. Oxio 15 c 

m- s a±<o^at^^. «tifcw»**rr&. «±tt 

MUfcR3R«Kfia©J»*tt. 1 . 8xio 

18 cm- 3 0S ittacc»Lrj||fcWCClg^«>6tlfc. 
38*firt* 1 . 8 x l 0 18 c m- 3 «TO<S^?ag^C7) 

Cc(S5dBfbr)na«r**. ■J^ftttft 1 . 3 

x i o^KKcftii, BBWrHlsWillWJi^ofc. 
[005 1 ] Jrfttf , 838fiK**#j 1 ■ 3 x l 

t*. BBBIffttl. 4X10 18 -1. 8xl0 18 cm- 3 

[0 0 5 2 3 H7tt, $^M6W^U/cSig 
fi8fiffl5^BO«I*ST. H7 (A) It 5og© 
Wi^TMaHrftS. *fc, H7 (B) tt, £oC3? 

[0 0 5 3 3 S3e&of23 1 tt % ^777>fF^S3 

2{cj:^r«j#$n^ 0 teajsEfiiaK^i^fc*. 53* 

5^H<D*r»S i yil/h*JRgLfc53ISoH(D«a 

[0 05 4] h«ffi*Kai/-Cte< <b, 

<Dfc&. 0cSS ilSft©Cjitt*iBi*-r*C<k3&JffliCc 
/cC5o C<Dtctb. y77 7^SoB3 2 0*i«Si 
C3-f^>^34^J:or»TI>o ^777^1. 
o53f3 2©«M^S i C n-f- -f >^ 3 4 J: oTtSa 
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[005 5] E3S*o«3 1*6CS i 

1*»&S i ^ MtO, 3&W?n, Si^ 

£9, S i ^ h©Ci«K#ffi«"f £. 
[0 0 5 6 ] C<Dt$. S i yjUhCCC#&*&3ft£ 
S i yjbh*©C«tttt*StlW±CCttlfiTU«c< 

[0057 1 /ttx.tf, b-$tL/t*-#> (^7 

[0 05 8 ] b-df*HPJ«:»**Cc**tt*ffla 

o, co 2 mm^z* isfrL* r j vmm<D 

[0 0 5 9 ] COCO, CO, #S i .rfJl/ Kt$iJ3S"r& 

-5/jtfx*8fcu co, co, i^ccsfa-r*. 

[0 0 6 0 ] 0Efi|gfiCCC*HaA-r*Ci*SS± 

[0 0 6 1 ] CCDJ: ^U^&T^OtcS i *&5<DIS* 
iftK**W4{ b^Wffit? aW3£ b^ic^, 3. 6xio 14 
cm" 3 mitm: 15%), 5. 0xl0 14 cr 3 (I 
itm: 7 0%) im 6tt/c 0 ?%;t>%. ^*cD10 15 c 
nr 3 U^*T@*«**K**t*'* S i *6a#»6>*i 

[0 06 2 ] S i |£g©M&S{S^i* 

^B^cDH^^c^a s i teSfiSfiga****". s i 

(A) ffi H s B MI©WM^^l, 01 (B) 

[0 06 3 ] 01 (A) CCfcOT, rtffliJCD53IS^3!l 

[0 064] SotJ5», 01 (B) &Cj£A0T^T<£ 

sec ss©3-f-f >^Js$nri^o 9M<d#5 
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J:otlbnti^o CCDS i C3-r^ >^4CCJ:^ 
[0 06 5 ] £ rt«<D5354^a 1 O^iff 

«. si 3 n 4 n-^-f >^2«cj:ot:«*>*iri**. 
i««**-r*. &*>\ s i, n 4 3-f^>^^ 

STTiffifctt* Si 3 N 4 :3^^>^fcJ:t&ttfcC\, 
[0 06 6 ] a7CC^oyc-6oS«3gtC*Jli-C». rtffllJ 
10 <DE^£^tf#ttM<D^? 7 ^ h SogifOS i c 

-f-^ms i C*i^©SJStcJ:or»S?U. C 
O, CO, «4lI^o 

[0067] 2SiC+Si0 2 — 3 S i + 2COT 
S i C+S i O, ->2 S i + CO, T 

te^r, ca 00,^41, si^^h^ccs^iA 
t?c<h^r#€>o 

20 [0 06 8 ] S i jt)lb*<DCi&m*mi,<i&< JflKML, 
toKJS&C c > r « . C (D <£ 5 CC £ o 6 t£*& 3 n £ c 

[0 06 9 ] #*«0C*it,»Ttt, E3S3^tf 1 

SoBlBS i C3-f-f >^4iEgSMl^O 0 E 
B^^^Si-r^Oli, Si 3 N 4 rw>^2 

tc^oTjiiKSft. s i c^-fw >^ccttBBL/ft 

30 [0 07 0 ] Uc^ot, Sog5tt, Si^iUhCC» 

fcjgttLtrc^ci^rst, co, co, tt^x 

[0 0 7 1 ] Soa5(DjSHCC«, SiC3-f^>^ 
*«Afc!Stt©y^:7T4 hb~* 1 3#ES3ftTt> 
c<Db-^ 1 3CCSf5£(D«?K*SK-rc<5:tCj:«9, & 
oB 5 *Bf 5EfflK6C/)P«fc-r S. 

[0 07 2 ] b-£ 1 3<h^*>^*l 7<DRSKC«, /7- 

5». *8&riEl»«ffl«**U, CO, CO, 
^ 0 JffiUfcCO, CO, i h 8Ct!g-r££, 
S i h 8CCC^A3tir U^^o 
[0 07 3 ] C<Dtctb. *-r*-#>^T-f^WMSWl 
5^^^>^'l 7<0f^^iora1CCEflL;iA^a/c^, S i 
C3-h4S^c^777^ KD^-^K 1 9^b-^ 

i 3 <b»H»« i 5 tcomic&szti. mmtt 1 5 

50 [0 07 4] Si^^h8 tc«, V- KJSS 1 0 ^r^S4 



# 



XL 

C<DtfcfilSfil l*fitoct^CC. SiC3-f^> 

[0 07 5] E©2 2^668&3n/cA v rt-ViiX 

^-5/**-:72 l*6T#W!fc*fflU J&S*SS 
1 1 % S i yJl/h8aiftifi©CO % CO, £jf*>*CC 

15*>8JffiT*CO. C0 2 £f£o"CgfSi?L2 5*6 

[007 6] b-£ 1 30Cj:or^o^5rt^ 1400 
•Cfcl±<DSeccMft F«fi 1 0 £ S i ^ ;u F 8 

CCflMtS*. F*SS1 O^Si ;Ol/h*63l#±tf 

ictcc^o, osteal i*sfo D ttssjs* 
sotf5.«^e-^7{c<fco'rHig3.n*. 

[0 07 7 ] 5/-FIS»l Ott, W*S9ro«3Ttf6 

n. *£ B e a /ss*±^^^i^±cf 6n^ 0 ft*, hsotb 

[0 07 8 ] y A FSfltiMm**- hT*=i- 

^-i >*tt, S i cccR6-r. F (T i 

C) , i*tr->A*-^-f F (NbC) , £>£;l/#- 
>W F (TaC) , 5Pil/=i^r*-^-r F (ZrO? 

[0 07 9 ] cnecon-T^ >^t*. 4>ft< ^^> 10 

ft< i4> 1 0 0 mnJl^tC^f^o 
[0 0 8 0 ] A-^^^-^2 1 tt, WCDffe, 

XMo), ^77 7-{h?tMiri)J;i\ 

^^-^^7 7^©*^^ '>4<ifc»$l 

[o o 8 i ] ceo* sec. rtfflr«BR*ett&-r**s. 34 

*) s 1 x l 0 14 cm-*etT©K3R«K**"t*S i*£JI 
[ 0 0 8 2 ] 0 1 CCtVT S i IS»SEfi«B*fflt»*iS i 

tfft^. s«#«Fec»E3isoafta9!Bbftc*. 

[0 0 8 3 ] *-T, A rift#H^ (filOtorr) t 
b - *«K*S«S*i/ 'J 3 16 0 0 

ffWK^fcfal 0" 1 t o r r STMSTSi*, 1 B*IH«Rf 
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[0 0 8 4 ] *»CcjPrttCN, ^aiOtorrSU 
tircft*. 

10 ft/ctf>, Fvf->«HCOR«S*i, SiC#*«* 

^ a S«WftS3£S^«». i£gft4 0 cmrftQ. & 
i^t^i«3«4 5KgT*5 1 ^>»J3>(D? 
^-*?j»7« % 0n*j*ftl 0" 2 t o r rlg^-CS^i 

b u ^j^y* 

[0 0 8 7 ] b-**tffitt, S i Ct3-f^ >^$n 
[0 0 8 8 ] limMbKJ 4 WFIB'C^-C©***^ f J 

igwr*. s i ^ f *ttaflEficcawtt»aMWt«:»( 

-r&»^tt. fiS£15. 7±0. 2 cm«rtOC»K5Il, 

30 [0 08 9] S iC3-f FV-> 
fi£*<D^7r-f F*^ h 3 fiW)«»i 

r*Sfc«>. Wtitte£Z&itt*&*G>#*7r4 F«# 

(3S£iB«tt*sr hV r ->ilift6ftt^o 
[0 0 9 0 ] «±©**ti/y 3W >=f^ b^iio 

/dt, a»©»nxxs«fft5. r ft tot, ffltfo, n 

HVFHU. x^^^. ^^bT>y, WB©SXg*?Tft 

40 [0 0 9 1 ] H2», ±as©xer»6*ifc^y=i>tt 

5xl0 14 cm- 3 «Tt^o/c o C(D@>fb^8 0%<D1f 
>y')\s<Di%mSkmmiC2. 5xiO H cm- 3 t^/c 
iS^, Ht$^8 0°/o«TOSf->7^o^tf i$ 

[0 0 9 2 ] c<0«»*6 : Rfi3nSJ:^«:. @{b^5 
$%&CF<D$gg i 1 t Cto^Xte, 1. Ox l 0 14 cm- 3 OT 
50 ©K3R»tt*«E3*i*- ciOi^CcRifiOfcS i 
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[009 3 ]i8«, 5/»;n>">i^4 l©±CCihf* 
* 4 2e^lfcxt^ + t/ti^i^iK 
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